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(54) SCAN TEST CIRCUIT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a scan test circuit by which 
a t st pattern can be created with reference to a gate connected to 
a flip-flop circuit in a scan test and which realizes a high failure 
d t ction rate. 

SOLUTION: The scan test circuit is provided with scan clip-flop 
circuits 11a to 11c combination circuits 12a, 12b, a DFF (D-type flip 
flop) circuit 1 3 and BPFF circuits 1 4a, 1 4b. The BPFF circuits 1 4a, 
1 4b are provided with data input terminals Ds, test enable signal 
input terminals TEs, clock signal input terminals Cs, data output 
terminals Qs and DFF circuits. The BPFF circuits 1 4a, 1 4b are 
provided with AND gates by which signals to be output from the 
DFF circuits and inversion signals of test enable signals are ANDed 
so as to be output The RPFF circuits 14a, 14b are provided with 
AND gates in which the test enable signals and data signals are 
ANDed so as to be output, The BPFF circuits 1 4a, 1 4b are provided 
with OR gates in which signals which are output from the AND 
gat s are ORed so as to be output to the data output terminals Qs. 
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(57) imm 

>7'J'yy7ayy(HiK 1 1 a ~ I lei, &*£fc-t!- 
HIS 12a. 1 2 b t . D F F (D-type Flip Flop) (si 
SI 3t, BPFKIelBMa, I 4 b i i 
Sr»»fT-6. BPF FEB 1 4 a. 1 4 bit. x-* 
A^SHrDi. fXh-fV7*^«fA*«fTEt. 
9nv9*mM}WT- Ct, y-^ffi^TQt. DF 

F@Kt. df KiEjK^e.m^^n/'cm^tT-x h-i-^ 
-^jni^«gteffl^s:i6s«LTai^-ri an Dy- 

ai^j-r-sANDy- hi. ANDy-hA^ai^^ns 
<t# «ri*aft l tt- * ta^j^Q i= m Jj t *o r y- 
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ttSftfcFF (FlipFlop) @g&£. £#-t£¥«#liA[ 
T. 

X*-r>FF|5]Sa£. 

HiitftXtf >xX MUSS. 
[00 0 1] 

IWr5X*i->xX M9MCNL. ftlc. -?>l?zf[s 
[0 0 0 2] 

It. Kit, Sii3ttfc¥*f**«|a]|S*t*g&tt«£SS 

i:fx h-r^fccoi Lxx+t >x* hmn^ttx^n 

[0 0 0 3] 03li. ft*03X** >xX h(a]gSro»tfi£ 

X hlslBB, X + t >7U-v^7n-yyiH]K3 1 a~3 
let, a^^-ttlslK 3 2a. 3 2 b <h. D F F CD- 
type Flip Flop) ESS 3 3 a ~ 3 3 c <h. SrfflATU 
-5. DFF0B3 3 a- 3 3 c »t. x-^fi^S: 

sitn^x-^A^ss^Dt. zuyzmnzgimz 

[00 04] >7'J 7:7 D -y T^gg 3 

1 a~3 1 cli. ngB^bW^D-y i7(I^ (CLKA) 

[0 0 0 5] D F F(el?a 3 3 a li. 9\.&frt><Z>9 

u-vztm (clkb) izji-DTWimwmzn. df 

F[flIK3 3b. 3 3c(J. DFFHIB3 3 a0>x-*ffl 
[0 0 0 6] X + t>7U7y707/|aIf83 I 

a~3 i comsziz-D^Tttmzmwrz. 

[0 0 0 7] 04tt. a3I^^LfeX + ^>7'J 7 7"7 
ayZf®&3 1 a~3 ] C 0)IS6££^-t[5]gg0-C&-5. 
0 4 I'^-Tt^O. CfflXtt>7U7^7D^7"[5|BS 
3 1 a~3 1 c»t. x-^e^SWS&x-^ATjiai 



fDt. X*^ >x-*M*f£§tt®3X*-*- >A:*)5Si 
fSIt, >x-*e#£§tt&-5/l:«60D MJ*f 

i:^5X + V >-f *-y;Hf*t (SCAN FN) SrStt 
B!4X + t>-f ^-^l/ft^A^wST-S Ei, ?n-y? 

(clka) z%imz>?a-y?mnAj]%ii"?-c 

<*:. x-?m^RD:x**>x-£m^<hte£ttUjx- 

DCA^^n/if-^ifiX + t >-f ^--T'JKH^A 
AiSfS EKAASnfcX + i- W *-^JHtl» (S C 

ANEN) osefi^^issttLTai^T^ANDy- 

M it. X**>-f ^-^HB^AfcJIHrS \-AZX-fi 
2tltz**r>'1 Z—Zf^mn (SCAN FN) tX + 
i->A7jJS8xS I ICA^£n;tX*v >x-*fi*f£i6 
S»L,Tiii*)-f-5ANDy-h4 2 <b. ANDy-h4 

i si^ANDy-M 2A»6.a*sn-&ffl^*iaaiPU 
Tja^-f&oRy- m 3<t. orv- m 3a>eaj7j 
zntztmz&imo, tavtmnx^i-cx^rt 
w-Drz?a s?mn (clka) jca^Tm^x-* 

fS^tLTT-tthljmf-QfrZttiJjTZD F Fls]¥S4 
4 t, SrfflATU*. 

[0 0 0 8] 04 IC^^n-Si^D. X + t>7'J'y7* 
7 □ y "TTajft 3 1 a~3 1 c 11. X^M- >-f *-7*.lHl 
^A*jffixS VAZ7,*X >H—Zf )Vmn (S CAN F 

N) £LTD-ff^#A;>};*nT^SI$fcti. x-*A 

-^^ft^A^ssTSFicx^-vv-f *-7»,mn (S 

CAN FN) tLTA-rfi^A^^tlT^-5itl:lJ, 
X + t>A«fS I (lA^^nfcX + i'>T : -^ff^ 

^x-^aj^xQ^eaj^-t-sx+t >tx f-t- k 

[0 0 0 9] ^IC. SfifccDX*^ >fX MeJg&CDfJjftM;: 

out. 03SC/S4 »cs-sfir»T»aaniSi^r-5. x* 

V >-f *-7*JHf^f (SCAN FN) tLT/N-fff^^ 
A^£*l-5£. X + t>7'J77"7U7 7'lHlS:) 1 a~ 
3 I cli. X+t>rX St-FcfcteO. -ScD->7h- 
l/yX^tLT^ti. i-T. X+t>7U7-/7D 
•yy[Hlga3 1 alt. □ -y :> m^A^-rC T-§lT®o 
it^D^mif (CLKA) IdS-^UT. A*X+t> 
x-*ff*f (SCAN I N) £X + A- >A^3Sf S I ~C 

*fcto-&@!8 3 2 alzAT^nSi&K. X*1->x- 
5-iftLTX + t>7iJ7 77D77(alS:» 1 b<7)X 
+ f >A77«$xS I (CA^jStI'5. A + J f>-7'J 

'y^D'^iHB:) l bti. ^7D -y j7fi^A.^iSxCT- 

Qitm-otzfa-y (clka) »c«^i>x. x+ 

•V > 7 'J zf Z? d ^(HJgS 3 1 afflf-^aiASfQ* 
^Hi^^n^X + v >x-^ft^^X + -\->A^-SxS 



(3) 



t# IPS ¥13-296331 



Ti8.&£t)1£\Bl& 3 2 aiZAtlZtXZtmz. X*A-> 
f-i'ftftLTX + t >X'J -y ^7 D -> -^(hIBS 3 1 c 
<7)X + v>A^^S IKArftStl-S. ^^^^-B-lHliS 
3 2 atii. X*A->X'Jy:/7ay7*[5]8&3 1 
X*A->X'JyX'xa-yX'[H]g&3 1 bO^-^mtS^ 

g83 3 bKtfDFF[Ella3 3 c Kx-^fi *t<h LTtUTj 
[0 0 10] — 7j. DFF083 3 a tt. "f— *<l*f£ 

■v&imiitzavzmn (clkbi icatJuT. ta 

^^-^(t^^x-^ffi^^QA^DF FI3B3 3 b 
RtfDF F|s]g83 3 c ICtti?J-f 5. CKDtti^x-^S^ 
tt. ?n7?ffl^tltDF F0K3 3 l)SU:OF F® 
S3 3 c<7>?Qy f fHtA;W^CI;:A77£*5. * 
IC, D F FIhIES 3 3 hRtfl) K FlelES 3 3 c li. 

2 a^f.OT^-^fi^^^-^ATjJSlF-DT' 

y-ra^tcg-^x. x-^m^^x-^m^Jfa^Q^'o 
*a#.&fra-0E&3 2 bicm^-r-S). &^Sfrttn]ia3 2 

bTtt. OF FB&3 3 b&tfDF FOB 3 3 C75>£>CD 
x-^ff^fcftgfflJlLT. X*r >X'J -j-fVU vZf 
0K3 1 clCx-^m^tLTffi^-r^. 
[0 0 1 1 ] X*A- >X'J •y7*Xa-yX > lHJEa3 I 

c tt. £ n -y tmnx-hM? C T-£ttl&o ? a y 
*t (CI.KA) IcS^JUT. X*A*>X'J •yX'XOyX* 
3 1 bOTx-^ffiftJg^Q^bai^SnfcX*-*- >x- 

*«^£x*A->A*)iSffs i rgtti&o. r-zmn 

Stfffl^X + A- >x-*lf*t (SCANOUT) ^UiTl 
*J. C^^ + t/r-i'I^ (SCANOUT) 

tt. &arox*A->xXh@Bic#T5A7ix*A->x 

(SCAN IN) fT^CtA^T^^). 
[0 0 12] Z<nmz. X + r >7'J y^XD yyiHlgS 
3 1 a~3 I c S->7hPy'X?i:LTl^ti, A7J 
X*A->x-*ff*t (SCAN IN) ^A^lLTffi^X 
^1->x-^«^ (SCANOUT) 
£^J6iS£Lfc$8ffitH:fcrsc£Kcfc-?T. X*A- 

[0 0 13] 

[KW^«»L<to<»:-r'&SII] LA>LtaP6. @3S 
tf0 4lC*L/tJ:5ft±>$<Oft*a)X*A'>xX htnlBS 
irtJOTtt. DF FI5JK3 3 a ~ 3 3 c £X*Y>XU 
7 7*7D77*@K3 1b. 3 1 cK&teSn^y-o-yy- 
<f^7><£fr$*:46. &<*£fcttleJla 3 2 a . 3 2bK*t 
l/T, X + A->X , J-yX*XDyX*ls]g8 3 1 a ~ 3 1 c £ 
(fcfflUT. »»Sr^a5-ri/i»roxX h/^->*<ftfi£ 



[00 14] C©CtlC«t0. X+r>rXh©Mi«l: 
[0015] ±e©j£fc:**. *5B9I0>BW 

tt. X + -V >T"X hBtlC. 7'J -y^XD-yyielgSlr^ 

ft&ffl$£*^*C<hrt<T-£5X*A->T-X h|H]K$r 
[0 0 16] 

[sigi*»^-r*fc«)co#a] w±w^nsr«ft-r*fc 

^fSBflOX*^ >t-X hlelBtt. MftrottSllltt 
<h, ifcgEBfflKI&ttbn/iF F (FlipFlop) ®SS£: 
SrWTS¥«fr«ttHlKSrX + + >t-X hfSX + A- > 
fXhfflTiot, ^^mftHKOx-^A^fflillC 
ffitt^n/tA^fiilX + r >F FlElKi:. ¥J*(**WIhI8 
<DT : -?m#ffllCi$tt6n/iffl*Jffl | l7.*v >F FIlKt 
£{6*.. FFIelBtt. X*A- i "rX htf>&KA*l<9|X* 
V>F F(alK<!:- ; &-n(C«^-rSl5lKRt/m*ffii|X + Y> 
F F|p]B<h£|i^£A±*C££#8i<h-t<b. 
[0 0 17] X*A->f-X hamz. F F0?SA<A^ffli| 
X*A*>F FRL*tti7)fflX*A- >F Fi^ffl-T^/i*. 

f fiubics^ 3 n*>y- HcttLTxx v-nt- 

[0 0 18] 

X^-v >t-x F[5]iSicoi>TiiiW-r^<, 

[0 0 1 9] m 1 tt. #3£0fl<£>X*A*>xX FdKcDtt} 

XFlHlBtt. X a* > X 'J y ~?y o v 'T'tslJS 1 1 a ~ 1 
let. m^^^-a-IslK I 2 a . 1 2 b t, OFF (D- 
type Flip Flop) tUK 1 3<h. x-*AW /1X[slgSft€ 
7U77'7D77' («T. *l:RPFFI»lKit^) l 
4 a. 1 4 bfc, *{iATl>S. 
[0 0 2 0] X + V >7'J -y X* X P -y 7"1h1?S I I a~ 1 
lctt. x-^ff^^SttKSx-^ATJ^Dt, X 
+ A->T-'-^(t^«r§tt®SX + t >A/1^S I <h. 

x+a- yT-ztmzgimzrzitxr) h u ^<tnf^x+ 

A->-f^-^il'm^ (SCANEN) ?:§ttlf-5X*A* 
M*-y'JHt§AA»FSEi. i/D-yi/fi^ (CI. 
KA) ^Stt®*?D-y^«^A7i^C<b. 

^slxx * a- > x- ^ & m ?3 x- ^ <t l rffi 

[0 0 2 1 ] DF FHIKl 3tt. x-^ff^«r§ 

«S!5f-i'AA^fDi, 7D-yi7ff^5r§tt®^)7 

[0 0 2 2] X + r >XU -y 7* X a y X"IhIB 1 

1 a~ 1 lctt. fl.g?A»bCDy-D-y (CLKA) 
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[0 0 2 3] D F FUSS 1 3li, 9\-Ufr<bV>5> a 

•v?®^ (CLKB) iZX-DXWifttfMWZn. BPF 
FmESl4a. 14 bli. D F FIhIK 1 3 co^-^m*) 

[0 0 24] *fc, BPFFiBUa. 1 4 b«M 

[0 0 2 5] 02 ti. 13 t lC>SLfcB P F F08S 1 4 
a. 1 4 b<7>8|j£<D-W$:7K-fle]S&iaT£>-5. 02lrS 
ttfcO, :©B P F FlsIiS 1 4 a . 1 4 bli, x— * 

)\>{§n (SCAN F.N) £f X F-r*-:7>m^£:LT 

A ^ JSt D H 0 ? D -y 57 ft*} A ?J JffiT C T?* Wft 

fQi>«=.ttiAt5DF F|s]8S2 I <h. D F Fle]8& 2 1 CO 
y-^ffi^xQ^bai^nfcy-^fi^f X h-f 

*->OHt*AawFT !•: KA*i£n*:f x h-r 

;Hg^«)KIE«^t«ia«LTta*1-*ANDy- h2 
2<t. h-f ^-^^fi^A^JSxTHlCA^^nfz 
f X M^-xXf^ty-* AfcHH^DfcAASflfc 
■5 s - * ffl* €rl^g« L TUJ -5 A N D y- h 2 3 £ , 
AND y— h 2 2SO'ANDy- F 2 3 b th:*) £ 

[0 0 2 6] 0 2K*;*tt<5<t*5O. BPFFiKH 
a. I 4 bli, fX F-f ^-^m^A^Sg'FTEtwT- 
X h-f ^-^JUt^chLTa-fl^^A^^nT^-SBt 

mi. y-^A^sgxnirA^^n/im^^T-'-^ai^ 
ai^Q^sm^raa^fp^-Kt/i*. yx 
h -r *-7)Mi*» a*** t k iixx h^r z—7)\sm n 
tLx/u m^^A^^nx^^sticii. tu-y*?^ 
Afta^cKAaanasnry^flMticHfcfc-r. y- 
^A^^T-Di-A^^n/cy-^fi^^y-^ai^^y 
Q*^ai^-r-5x+t >yx ht- ntte-s. 

[0 0 2 7] jfcE. *5EBJcoxyr /fX Fla]?8CDlflf£ 

y-V>-f ^-yJUfl^- (SCANEN) tL-T/Wff^ 
^A^I^n-St. xyi- >7'J •V7 r -7D->^ , t5]?S l la 

~i lcii. x+t>fxht-Ft/,t0 > -aco->x 
M/-->-X*i:LT«fi6T$. BPFFIslBM 
a. 14 bli. Xtt>fXh«. fX h-f 
n (T E S TEN) (O/Wfi^^f X h'T^-^ft^ 
<!: LTgttl&S. 
[0 0 2 8] ST. X + l->X'J-yyXDy7'(HlgSl 1 
all. 2ay>?mnAJ}ffi?C-x:-§.imr>tz2a->>?m 

n (clka) izm-j^x, A^x+t >y-^fi^ 

(SCAN IN) £xy* >A^J»S I T-£I:N&D. 



-wtiitiy-^fistii. y-^<i^t Lxm^tD-ttiH] 
K 1 2 anA^^n-st^ic xyr>y-^m^tu 

sssys i KA^ns. 

[0 0 2 9] ^ir, X*v>X'J v^a-v ^lUSS 1 1 
bli. ?a-y i7(I^A^5STCT§(tS(ofc5'P-yi/(i 
^ (CLKA) ICgoVT. X+t/7U7^7D7^ 

i i aOTy-^m^yQA^as^sftiitx+^y- 
?g^*x*t>A^jiSfs i-cgttsxo. ai^y-^ 
m^tLTy-^m^sisyQTi^tti^i-^. coa^y 
-^m^n. y-^m^<tLTm*-^t)ti-[Hi?a 1 2 an 

A^J^tX-St^lr. X+t>f-^If<!:LTX + t> 

7 'j y y^n^-yoK i i c coxy-r >A^s^ys i iz 

A7j£n-5. a*^to*l5IB l 2 aTli. X*t>7'J 
•v y 7 D >y X'IeIES I UWX+t/^'Jv^a'^ 

ihiki 1 bwy-^m^yQ^e-m^nsy-^ff 

^£8iUI$aiILT. B P F FElgS 1 -1 a&rjtB P F F[a] 
Bft 1 4 blcy-^ft^<tLTtH/J'r^. 

[0 0 3 0] -73. D F FE8S 1 3t±. y'-?flHt«::f 
-^ATlSffixDTStt^O. i/o-y^fl^ATjSfflyC-C 
SWSofcS'CJ-yffi^ (CI. KB) tatJUT. tiJTj 

y-^m^«:y-^m*«yQ*^B p f F@g& 1 4 a 

KtfBPFFEIEftl 4bfCtiJ73-rS. C<Dffi7jy-^fl 
?a-yy-m*ttLTBPFF|H]g&l 4 aRt/BP 
F F@K I 4 bWy-a-y ?m^A73^ycicA7j;*n 

dCD£:£. BP F FUJgg 1 4 a&tf B P F FIUES 1 
4 bli. X^t>fXht-FT*4t«!). *a*-^t)-ti- 
lelga 1 2 a*^OTy-^(i^^y-^A^«yDT'§lt 
H0. AN Dy— h2!i RO'O K y— h- 2 4 Sr^ Ltr 
-*tt*itffQj4>'a&*£*)-Biai&l 2blriH*-T4. 
Ja^&t>-tt(iISS I 2 bTli. B P I- FEBS 1 4 a££>'B 
P F I- @E§ I 4 bj^eoy-^fl^i&JifflJILT. X 
+ T >7'J 7 7"7D'v yislES I lcl:f-?I^iLT 

[0 0 3 I ] ^ClC. X + t>7'J 7 7 , 7 0.y-/lsl!a I 1 

c li. 'tnyzmnxiji&TCT'gimotzlra v'rm 

n (CLKA) ICS^I>T. X+t/7'J77'7P77' 

i i b»y-^m*ssTQA»eai^$nfcx+ j »->y- 

?l^^X + t >AAif s i -csitso. y-^fs^ 
s^ai^xy+ >y-*<t*t (scanout) ^{tit) 
y-^m^t Lxy-^as73^TQ^6ai73-r^. 

CCDffiTjX + i- >f'-5'm^ (SCANOUT) 

H. *e«x+t >y x FiE]Kic«-r-5A^xyi->y 

(SCAN IN) £?Z>Z.ttfT2Z. 
[0 0 3 2] Cro*SlC. X + t>7 l J77*7a7 7*i8 
1 1 a ~ I 1 c ity7hk>'X^tLTiKtt, AJ] 
xy-r>y-^fi^ (SCAN IN) ^A^LTtB73X 

yi- >y-^<i^ (scanout) ^©oasL. 

^^<6l$^LfcS8^(li:tk«t- 2>Z\t\Z<a-oT. X+t 
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[0 0 3 3] BPFF ©ES 14a. 1 4 b li. 

a*&faiiia(8 I 2 a ROC i 2 bCjttlt, SfclSSfcteHJ 

[0 0 3 4] COfX h/^->COf^6gti. AT 

PC. (Auto Test Pattern Generator) CioT, Sill 
Wilfred £*<T£5.. 

[0 0 3 5] 

HEalCtnti. 7.+A->7'J -v ^"7 □ >v ^IhIK 1 1 a~~ 
llcKiO, BPFFd]8l4a. I41)SW/U 



[i2l B P F F[iigScoSlB£«:*-r(sI8§0-C*-5. 
[S3] «OX+t >tX hlelKOT^BK^S-riHlKE 

[04] >7U -y/7P-yy(HlKW»l^$r^-ria 

m^wsjHfl] 

1 1 a — 1 1 c . 3 1 a — 3 1 c + >7'J 7 7*7 
□ -y 

1 2 a , 12b. 32a, 32b &*&fc-t+|s]E& 
13. 2 1. 3 3a~3 3c. 4 4 DFFlelSa 
14 a. 14b B P F F@K 

2 '2. 2 3. 4 1. 4 2 ANDY- F 
2 4. 4 3 OR y— F 
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IM3] 



SCAN IN - 



SCAN EN - 
CLKA - 

CLKB ■ 



D 
SI 
SE 



^-SE { 



32a 



32b 



D Q 



33bDFFBK 



D Q 



33c OFFISH 



334 DFFBJft 



o Q 
si 

SE 

lc 



T 



SCANOUT 



